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Pharmacokinetics and Drug Interactions: 
Update for New Antipsychotics 
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Advances in our uikIci standing <>l schi/nphicma have led lu a new generation ol :intip"*ychniic 
iiiicniv These medications not only demonstrate reduced extrapyramidal symptoms hul also possess 
pharmacologic profiles that can he especially advantageous in treating the negative symptoms of 
schi/.oplucnia. The pharmacokinetics of many ol (he newer agents are compared and ccmlrasted with 
typical neuroleptics. Changes in the pharmacokinetics and dosage of the newer agents are also re- 
viewed. A particular emphasis is placed on (he metabolism ol the newer agents and their potential for 
drug-drug pharmacokinetic interactions. Clozapine, the archetypal atypical agent, has a complex 
pharmacokinetic profile with extremely large interpaticnt variability and many well-docutncnicd 
drug-drug interactions. Thus, clozapine presents special challenges in dose optimization and requires 
vigilant clinical monitoring for cardiovascular, neurologic, and hematologic adverse effects. 
Olanzapine demonstrates a very low potential for drug-drug interactions; it requires extremely high 
inhibitory concentrations at cytochrome P450 (CYP) systems, typically 30-fold above the usual con- 
centrations observed at steady-state oral high-dose therapy. The metabolic pathways of olanzapine in- 
clude /V-glucuronidaiion. reducing its overall sensitivity to drugs that might induce or inhibit its own 
metabolism via CYP or flavin-containing monooxygenase (FMO) systems. Plasma olanzapine con- 
centrations at steady slate typically demonstrate only a fourfold to fivefold variability among patients 
at a standard dose of medications. Sertindole and risperidone demonstrate polymorphic metabolism 
characteristics mirroring the CYP 2D6 phenotype. The inhibitory potentials of sertindole at CYP 2D6 
and CYP 3A are modest and not likely to be of clinical significance. However, in those patients taking 
CYP 2D6 inhibitors or in those who are genotypic poor metabolizers, concentrations achieved by ser- 
tindole and its metabolites might result in moderate inhibition of CYP 3A. 

(J Clin Psychiatry 1996;57{suppl 1 Ij: 12-25) 
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Recent advances in the neuroscienccs and clinical sci- 
ences have greatly improved our understanding of 
ihe neurochemical processes surrounding schizophrenia 
and psychosis. 1 This greater understanding of schizophre- 
nia has led to a new generation of antipsychotic agents. 2_ * 
These medications not only demonstrate reduced extrapy- 
ramidal symptoms but also possess pharmacologic pro- 
files that can be especially advantageous in treating the 
negative symptoms of schizophrenia. Determining the ap- 
propriate dosage of antipsychotic for a given patient re- 
quires Ihc simultaneous integration of severat clinically 
relevant variables including prior treatment history, pre- 
senting target behaviors and chronicily of the illness, con- 
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current medications, comorbid illnesses, and intrinsic 
variables such as receptor responsivity (physiologic sub- 
types of the illness). Of these, pharmacokinetic variables 
and their influence upon dosage are among the most 
readily understandable and useful/ The application of 
pharmacokinetic principles can improve the utilization of 
antipsychotic medications and insure their proper clinical 
use* This paper presents a review of antipsychotic phar- 
macokinetics, with particular- focus paid to the novel 
agents already approved by the Food and Drug Adminis- 
tration (FDA), e.g.. olanzapine, clozapine, and risperi- 
done, and to those drugs pending FDA review and final 
approval, e.g., sertindole and quctiapinc. Definitions ol 
relevant terminology are presented in Table I. 

PHARMACOKINETICS AND 
ITS CLINICAL RELEVANCE 

The exponential decay in oral antipsychotic plasma 
drug concentration (Cp) can be divided into four phases. 
Figure I depicts a typical log-linear plasma concentration 
versus time curve illustrating absorption (Phase I), distri- 
bution (Phase 2), elimination (Phase 3), and a deep com- 
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Tabic 1. Definitions of Pharmacokinetic Ter minology* 
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AUC 1.111 

if equal doses ol drug mc given i .in. and p.o.. 
then this ratio defines the dose correction needed 
to ohuiin I he same Cp oeer time; AUC is ;tre;i 
under ihe Cp versus time curve 
the rate Jl which j drug moves from the central 
compartment into peripheral compartments, e.g.. 
tissue 

the rale of metabolism for a medication, 
frequently expressed as ihe "half-life"; for 
antipsychotics, this is principally hepatic, though 
exlrahepatic metabolism in the lung and kidneys 
docs occur 

Vd is a mathematical measure that allows for Cp 
to be the basis for modeling of the amount of 
drug in the body; large Vd denotes marked tissue 
distribution and binding 
Amount in body = Vd x Cp 
a measure of the rate at which the drug is 
removed from the body 
the maximum plasma drug concentration 
observed 

the lime from dosage administration to when 
Cp^, is attained 

ihe equilibrium state reached when the amount 
of drug administered every day is exactly 
counterbalanced by (he amount of drug 

eliminated 

•Abbreviations: AUC - area under the curve. Cp = plasma drug con- 
centration. 
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Figure I. Pharmacokinetic Parameters for Oral 
Ant ipsyc holies * 



partmeni, usually observed during washout from chronic 
therapy (Phase 4). The first and usually the most rapidly 
changing phase (defined by the slope of Cp/timc) is the ab- 
sorption phase. Oral liquid dosage forms are more rapidly 
absorbed than tablets or capsules. Hence, in situations 
where a rapid response to the antipsychotic is desired, oral 
liquids can approximate the rate of onset of short-acting 
intramuscular interventions, as illustrated in Figure 2/'* 
Alternatively, if a medication possesses potent autonomic 
system effects, cardiovascular toxicity, or marked sedative 
properties, then a slower rate of absorption can diminish 
adverse reactions, e.g., orthostatic hypotension induced by 
a,-adrenergic blockade. For the maintenance therapy of 
schizophrenia, absorption rate is usually not of relevance: 
rather, the extent of absorption (or the relative bio- 
availability) and dosage are the significant factors. For the 
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•I'rtiin reference 7. with permission Idealized plasma level versus lime 
curve for a .single oral dose of a neuroleptic, illustrating absorplion 
phase ( 1 ). distribution inlo equilibrating compartments (2). mclaholic 
elimination O). and deep compartment, ususally observed during 
washout from chronic therapy (4). 



Figure 2. Plasma Drug Concentration (Cp) of 10 mg of 
Fluphenazine Elixir Taken by Mouth b.t.d. 
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•Data from reference 6. 



older neuroleptics, high-potency antipsychotic medica- 
tions such as flupcnthix'ol, fluphenazine, and haloperidol 
are more rapidly absorbed after intramuscular administra- 
tion (0.5-1 hour) than by the oral route (2-6 hours) and 
demonstrate a greater disiribuiion phase. 7 In contrast, 
chlorpromazinc, a low-potency neuroleptic agent, when 
given intramuscularly, reaches a maximum plasma con- 
centration in 3 to 4 hours. Therefore, the interval between 
injections used for as needed therapy (i.e., p.m.) is. in 
part, determined by this pharmacokinetic parameter. 
Higher potency medications can be given more frequently 
with safely, i.e., every Vj to 1 hour, since the subsequent 
injection is given close to the peak Cp of the prior injec- 
tions. 6 This is particularly important as sedation and car- 
diovascular adverse effects appear to correlate well with 
plasma concentration within individuals* 
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Table 2. Comparison 


of the Pharmacokinetics of Different Antipsychotics' 
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Tahle .1. Newer Antipsychotics: Comparative Pharmacokinetics' 
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Oial 1 V,1 
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Metabolites' 


Clozapine 


3.0 A l.s 


1 1- ins 

mean. tn 


'J2-95 


4-X 


1 2-XI 
Nil A 1< kuI 


2-5 


OcMiieitiylclo/apine ±: clit/apine-N-efcide • 


Risperidone 


1.0-1.5 


3-24 
mean. 3,fi 


90 




-68 
[-ood I rale 


1-1.5 


9-OH-rispcridonc + (polymorphism} 


Metabolite 


3.0 


22 


70 


4_o 








Olanzapine 


SI + 1.2 


20-70 
mean. 30 


93 


5-7 


> 57 h 
No A food 


10-20 


N-glucuronidc; 2-OH-mciliyl: 4'-N-oxidc: 
4'-N-desmcthyl - 


Senindolc 


10.1 ± 3.0 


24-200* 
mean. 55-90; tin- 
ear al steady slate 


> 99 


7-14 


-74 
No A food 


20-40 


Dchyd rosea indole + (polymorphism); norsertindolc 
hydroxy metabolites ± 


Quciiapinc 


l.0-l.8 J 


6.88 


83 


1-2 


9.0 + 4.0 
Slow T wi(h food 


-to 


20 metabolites, most inactive; 7-OH-quetiapine + 


Ziprasidone 


4.7 ± 1.5 


4-10 
dose dependent 


> 99 


1-3 


59 

T with food 


2.3 


Metabolites "not active" a( DJ5-HT,;*». 



•Data from references 12-18 and on Tile, Abbott Laboratories. 1995. 
*+ = active; - = inactive; ± = questionable. 

''Based on urinary recovery data, no i.v. data available, F = 80*&. 
'Outliers due to cytochrome P450 2D6 polymorphism. 
'Immediate release vs. 5.0 ± 2.4 slow release formulation. 
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The pharmacokinetic parameters of selected typical 
neuroleptics are listed in Table 2. s 6,0 11 The pharmacoki- 
nelic properties of atypical antipsychotic agents are sum- 
marized in Table 3 (Data on file, Abbott Laboratories, 
1995 and references 12-18). Oral absorption, for the most 
part, is rapid, and food docs not significantly affect the 
pharmacokinetics of absorption for most antipsychotics. 
Quetiapine and ziprasidone appear to have their absorp- 
tion increased by food and should be taken consistently 
with regard lo meals. Among the most rapidly absorbed 
newer agents are risperidone and quetiapine (mean T m-tl = 
1-2 hours); both have significant a-adrenergic blockade, 
which might result in orthostasis if loo large a single dose 
is given. Quetiapine has also been developed in an ex- 
tended release dosage formulation to slow its rate of ab- 
sorption. Olanzapine, clozapine, and ziprasidone have in- 
termediate rales of absorption with a mean T^^ of 3 to 5 
hours. Sertindole demonstrates an average T,^ of 10 
hours, which mitigates its potent a, -adrenergic blockade 
but reduces its possible effectiveness if given p.r.n. How- 
ever, the use of adjunctive benzodiazepines has become 
the preferred approach for the adjunctive management of 
agitation and aggression, reducing the overall clinical rel- 



evance for antipsychotic p.r.n. potential. 19,10 The increased 
variability in bioavailability demonstrated by clozapine 
and most lower potency traditional neuroleptics results in 
a more difficult clinical titration, since there is no single 
correct dosage or dosage range associated with optimal re- 
sponse. Like many of the newer antipsychotic agents, 
olanzapine demonstrates an estimated bioavailability of 
80% and appears to have more consistent absorption char- 
acteristics leading lo a more narrow dosing range and sim- 
pler dosage titration. 

The second component of the Cp versus time curve 
(Phase 2) is the rapidly declining phase dominated by dis- 
tribution of the drug from the central compartment and 
brain back into tissue throughout the body. Since most 
antipsychotics are extremely fat soluble and highly bound 
lo protein (sec Tables 1 and 2), they will rapidly move 
from blood into tissue, causing the rapidly observed fall in 
Cp. This distribution effect is clinically significant in thai 
it limits the duration of activity of a single dosage of anti- 
psychotic medication, but is not an important consider- 
ation for maintenance therapy. For instance, if a single 
dose of antipsychotic is administered for agitation, its du- 
ration of tranquilizing activity will be brief, typically a 
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few hours." Additionally, ihc marked lipophilicily of these 
;i^cii(s and their high protein binding indicate that tissue 
concentrations ;irc greater than plasma concentrations. In 
ihc debilitated elderly patient, in those wjih rcn;il or he- 
patic disease, or in those patients receiving multiple hiyhlv 
protein-hound medications, reduced doses ot aniipsychoi 
ics should ho considered on die basis ol pharinacokinctic 
(protein-binding displacement) and benefit- verstis-rtsk 
considerations. However, pharmacokinetic studies evalu- 
ating drug clearance lor olanzapine did not detect signifi- 
cant dillerences for those patients with severe renal fail- 
ure. In young, physically healthy patients, protein-binding 
displacement drug interactions are not usually of signifi- 
cance since increased drug clearance results from the 
larger unbound or free fraction of drug available for me- 
tabolism, self-limiting the interaction. Qucliapine at 837r 
bound is unlikely lo demonstrate protein-binding displace- 
ment interactions in at risk patients, since the free fraction 
is already relatively large. 

The concentrations of a, acid glycoprotein (an acute 
phase reactant) in plasma show large intraindividual fluc- 
tuations, which increase owing to changes in "stress" that 
disrupt physiologic functions, including depression and 
schizophrenia. 621 22 Therefore, during psychotic exacerba- 
tion, or with concomitant medical stressors, the acute 
phase reactant concentrations increase, binding more anti- 
psychotic drug and resulting in a decreased free fraction 
and possibly a reduced clinical effect. Conversely, a, acid 
glycoprotein concentrations are diminished in the elderly 
and in those with cirrhosis. Therefore, depending on the 
binding characteristics of the medication, plasma concen- 
tration ranges determined for therapeutic drug monitoring 
or during clinical studies evaluating response relationships 
might not be useful in situations where protein binding is 
significantly altered. The potential usefulness of free-frac- 
tion assays to determine the actual concentration of un- 
bound drug is still unknown, and more research is 
needed. ,a 

The next phase (Phase 3) in Figure I represents elimi- 
nation of the antipsychotic from the body, principally by 
metabolism. During this log-linear decay phase, the meta- 
bolic half-life for the antipsychotic medication can be esti- 
mated. The half-life for antipsychotic medications admin- 
istered by the oral route is typically > 18 hours. Therefore, 
when subchronic dosing is used, once-daily administration 
of antipsychotic medication is acceptable since the plasma 
concentration variation over a 24-hour dosing interval will 
not be excessively large. Medications such as olanzapine 
and sertindole can be administered once a day, while quc- 
tiapine. risperidone, and clozapine should be given in di- 
vided doses.' 1 "' 6 ' 7 2 '" The ranges documented for meta- 
bolic half-lives in Tables 2 and 3 are quite large and pri- 
marily reflect the marked differences observed among in- 
dividuals for metabolic capacity and volume of drug dis- 
tribution. The observed wide variability in drug clearance 



for some of these agents indicates a need to more careful I v 
titrate and customize the dosage ol the antipsychotic. A ad- 
ditionally, the more cardiotonic or sedative the aueni the 
more caution is required, since the margin for error is di- 
miiiished. 

When antipsychotic medications are orally adminis 
tered on a continuing basts, plasma concentrations are 
noted to gradually increase over the course of the first I to 
2 weeks of therapy. This increasing (; p over time can he 
modeled and predicted by applying the concept of steady 
slate. Steady state is obtained when the amount of drug 
delivered to the systemic circulation is equal to the amount 
of drug being eliminated from the body. Therefore, it is an 
equilibrium state where the input and output functions for 
drug are balanced. By using the data from Tables 2 and 3. 
the time required to attain > 90% of steady-state plasma 
concentrations can be estimated by multiplying the drug 
half-lrfc times four, or times five u> estimate > 987r of 
steady-state concentrations.- For most antipsychotics 
administered by the oral route that have an average meta- 
bolic half-life of 18 to 36 hours, steady slate is attained in 
approximately 3 to 7 days. However, for sertindole, where 
the mean metabolic halMife ranges from (study to study) 
55 to 90 hours, the time to steady state may be 2 weeks or 
longer. In a small percentage of patients, the half-life of 
sertindole can be > 100 hours, resulting in a time to steady 
state of approximately 3 weeks (Data on file, Abbott Labo- 
ratories, 1995 and reference 14). The concept of pharma- 
cokinetic steady stale provides additional guidance in the 
development of clinical dosing guidelines for antipsy- 
chotic therapy. Any condition that increases the drug's 
half-life, e.g., drug interactions or age, will increase the 
time to steady state by potentially slowing'down dose ti- 
tration. Although pharmacodynamic response lags behind 
pharmacokinetic considerations for most antipsychotics, if 
a drug's titration phase to effective doses is limited by ad- 
verse effects and/or the rate of drug accumulation in the 
body, then slow absorption in the case of depot neurolep- 
tics or a long metabolic half-life in the case of sertindole. 
might delay the achievement of a therapeutic response in 
CYP 2D6 poor metabolize™. 7 :5 

The single most important observation to be made from 
Tables 2 and 3 is the large variability reported for many of 
the pharmacokinetic parameters, resulting in up to 30-fold 
or greater differences in the blood levels resulting from the 
same dosage of medication administered to a population 
of patients.'" ' 61 7 2 * 2J Most antipsychotics require dosage 
titration to achieve optimal results, since suggested dos- 
ages are the result of efficacy trials dealing with large 
populations of patients. These data can suggest a likely ef- 
fective dose, e.g., a dose for which the probability of a suc- 
cessful outcome is greatest, but not an optimum dosage for 
the individual patient. Figures 3. 4, and 5 illustrate the 
variability observed for olanzapine's half-life, volume of 
distribution, and clearance rates for medication taken 
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Figure !>. Overall Frequency Distribution Histogram for 
I'l.isma Clearance of Olanzapine ' 
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Figure 4. Overall Frequency Distribution Histogram for 
Volume of Distribution of Olanzapine* 
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orally, respectively. The pharmacokinetics of olanzapine 
appear to be considerably more consistent from patient to 
patient than phenothiazine antipsychotics such as oral flu- 
phenazine (Figure 6) * 7 :ft Olanzapine concentrations vary 
less than fivefold at a standardized dose in clinical effi- 
cacy and safety studies. "The starting dose of olanzapine. 
10 nig/day, is a minimum effective dose for the treatment 
of schizophrenia, potentially requiring less dosage adjust- 
ment than other antipsychotics. 

DRUG METABOLISM 

The more recently introduced medications have been 
well characterized with regard lo their metabolic pathways 
and especially the role of cytochrome P450 (CYP)."" W 
Table 4 lists the elimination pathways for clozapine, ris- 
peridone, sertindole, and olanzapine (Data on file, Abbott 
Laboratories, 1995 and references 12-18. 31, 32). The 
most important pathways for olanzapine metabolism arc 



Figure 6. Fluphenazine Oral Dosage at Steady Stale Versus 
Plasma Concentration (Cpl* 
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♦From reference 6. with permission. Fluphenazine Cp resulting from 
oral administration of doses of 10-80 mg/day. Twenty-two patients had 
Cp obtained during therapeutic drug monitoring at San Antonio Stale 
Hospital. (Solid circles represent two or inore plasma samples at a 
given dose. Open circles represent single samples.) 



CYP IA2. flavin-containing monooxygenase (KMO) 3. 
and A^glucuronidation. Minor pathways include CYP 2D6 
and possibly CYP 2C 1 9. ,l ,: The CYP 1A2 pathway is as- 
sociated with a possible ethnic variation in clearance be- 
tween Japanese and Caucasian subjects, e.g., increased 
bioavailability for Japanese with increased Cp,^, and 
mean half-lives of 34 versus 24 hours in Caucasians in a 
preliminary study.' 1 Interestingly, CYP 2C19 demon- 
strates a high degree of polymorphism in Asian popula- 
tions and might also be implicated in olanzapine metabo- 
lism. Similarly, haloperidol demonstrates altered pharma- 
cokinetics in Asians compared with Caucasians and Afri- 
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can-Americans."' J The A/-glucuronidation of olanzapine 
is a major pathway (a Phase II oxidative process nol in- 
volving the CYP system), providing for significant meta- 
bolic elimination even if potent inhibitors of drug metabo- 
lism are coadministered. Olanzapine and sertindole, like 
most antipsychotics, are not significantly affected by 
changes in renal function, and dosing does not appear to 
be significantly altered in these special populations. 
Olanzapine clearance, estimated from a population phar- 
macokinetic study, is affected by aging, which is demon- 
strated by increased elimination half-lives of 68% in men 
and 42% in women. The metabolism of clozapine is mark- 
edly decreased in the elderly. 35 In contrast, quetiapine and 
sertindole pharmacokinetics are nol significantly altered 
by the aging process. These differences are thought to be 
due to the greater susceptibility to the aging process of the 
CYP 1A2 pathways. 

Clozapine appears to demonstrate significant differ- 
ences in plasma concentrations between men and women 
(40%-50% increase in women), afler controlling for dose 
and body weight. 36 Similarly, olanzapine demonstrates a 
statistically significant but^more modest increase of ap- 
proximately 30% in population pharmacokinetic studies." 
Sertindole demonstrates an approximately 20% reduced 
clearance rate in women compared with men, though this 
difference is nol likely to be clinically significant, and the 
clearance rate is comparable once a correction for lean 
mass is estimated.' 4 Preliminary data for risperidone also 
suggest that plasma concentrations of the 9-OH- 
risperidonc and of the combined concentrations of me- 
tabolite and parent are greater in men than in women.' 
As discussed below, cigarette smoking is an important 
CYP IA2 inducer and increases drug clearance for 
olanzapine, many neuroleptics, and clozapine. 

Risperidone and sertindole demonstrate metabolic 
changes consistent with the CYP 2D6 polymorphism, e.g.. 
a wide range of metabolic capacity, described as a bimodal 
distribution of extensive and poor meiabolizers (Data on 



file. Abbott Laboratories. 1995 and references 14. 2K. M, 
M)). In contrast, olanzapine docv noi demonstrate a signifi- 
cant change in pharmacokinetic- in poor versus extensive 
melahotizeis at CYP 2l)d. probably due to ii\ multiple 
metabolic pathways including conjugation and metabo- 
lism vi;i the l ; MO system " " I he ratios of 9-( )l (-risperi- 
done/risperidone" '" and dch> droscrlindolc/ser (indole 
(Data on file. Abbott Laboratories I'W.^and reference \A) 
correlate lightly with the dextromcthorphan/dexirorphan 
ratio; however, sertindole has a significant alternative 
pathway via CYP 3 A (producing norsertindole ) while ris- 
peridone does not. The pharmacologic activity of 
dehydrosert indole appears to he less than sertindole. pos- 
sibly increasing ihc clinical significance of polymorphism 
and drug interactions at CYP 2D6. though sertindole con- 
centrations arc nol predictive of therapeutic effects and in- 
dividualization of dosage is recommended. See the Drug 
Interactions section for further discussion. The clinical 
significance of poor versus extensive melabolizer status at 
CYP 2D6 for risperidone is inadequately evaluated, but 
likely to be modest, since the combined Cp of risperi- 
done + 9-OH- risperidone slays fairly consistent, and both 
are pharmacologically active (Data on file, Janssen Re- 
search Foundation. 1 993 and references 17,41). However, 
systematic studies for differences in optimal dosage and 
side effects have not been completed for risperidone, 
though in vitro receptor profiles vary somewhat, and pro- 
tein- and brain-binding characteristics for the two active 
moieties also differ. 11 Approximately 4% to 10% of Cau- 
casians and a smaller proportion of Asians and Blacks 
demonstrate a wild-type mutation that results in poor me- 
tabolizer status at CYP 2D6. 2 * 

The metabolic characterization of quetiapine is quite 
complex; up to 20 compounds have been detected in hu- 
man and other species, but only 5% have been recovered 
as the parent drug (Data on file. Zeneca Pharmaceuticals. 
August 1995 and references 42-44). Metabolic pathways 
include sulfoxidation (10% of quetiapine). and lesser 
amounts of the active 7-OH derivative are observed. Al- 
though there are potentially two pharmacologically active 
metabolites, their relative contribution to the total area un- 
der the curve (AUC) is small. CYP 2D6 is one of several 
isoenzymes believed to metabolize quetiapine, though 
clinical data and drug interaction studies are nol available. 

Olanzapine, risperidone, clozapine, queiiapinc. and 
many neuroleptics demonstrate dose independent pharma- 
cokinetics over their usual daily oral dosage range. Sertin- 
dole clearance decreases with multiple dosing due lo an 
increase in systemic bioavailability (possibly saturation of 
gastrointestinal mucosal metabolism, a CYP 3A mediated 
process), resulting in an accumulation of drug to greater 
Cp than predicted from single-dose studies. However, at 
steady slate, clearance is dose independent, and concentra- 
tions are proportional to dose (Data on file, Abbott Labo- 
ratories. 1995 and reference 14). These observations. 
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when coupled with ihc known genetic polymorphism ai 
CYC 21 K>. provide a basis for (Ik 1 reported nonlineatity in 
the kinetics of sen indole and for (he approximately Ml'/f 
of palicnis who demons! r ale very long plasma hall -lives ol 
up to 2<K) hours (V< lo the clearance rale of ihe general 
population) and plasma concentrations of serliiulole up lo 
threefold greater than the average. The mean hall -life in 
poor metaholi/.cis of senindole is approximately 130 
hours, /.iprasidonc demonstrates dose-dependent in 
creases in plasma elimination half-life during steady-slate 
dosing that are not observed during single-dose studies. 
Due to the short mean half-life of /.iprasidonc ut any dose 
administered, e.g.. 4 hours at 10 mg/day versus 10 hours at 
120 mg/day. the clinical significance of this change, 
though not studied to date, is likely lo be small. 

The presence of a deep compartment (Phase 4), which 
might he the rate-limiting kinetic step for the complete 
washout of the newer antipsychotics upon drug discon- 
tinuation from long-term therapy, has not been evaluated. 
However, it is hypothesized that the increased half-life of 
ziprasidone at higher daily doses might be the result of an 
"additional dispositional phase/*" Most neuroleptics dem- 
onstrate a deep compartment as evidenced by urinary me- 
tabolite detection up to 3 months after the discontinuation 
of chronically dosed phenothiazines/ 45 Similarly, the deep 
compartment kinetics of halopcridol taken orally have 
been characterized in clinical environments, indicating a 
half-life in excess of 100 hours in case reports." 16 The me- 
tabolism of haloperidol is characterized by a reduction 
step to reduced haloperidol, which is then back oxidized to 
parent drug (bidirectional), partly explaining this deep 
compartment. "•* 8 

VARIABLES THAT AFFECT 
CLEARANCE AND RESPONSE TO THERAPY 

Drug response, and especially the pharmacokinetics of 
the traditional neuroleptics are affected by comorbid 
medical conditions, concurrently administered medica- 
tions, the aging process, and "substance abuse behavior. 
These variables, listed in Table 5, should be considered 
when selecting a starling dosage, titration plan, and main- 
tenance dose for an antipsychotic agent. Moreover, if a 
patient's condition changes during antipsychotic therapy, 
e.g., concurrent medications arc added, then revaluation 
of the appropriateness of the dosage is necessary. Aging 
can reduce hepatic enzymatic function and affect the 
patient's inherent sensitivity to the medication, thereby re- 
sulting in both a pharmacokinetic and pharmacodynamic 
change in response. For thiothixene, the clearance rates in 
patients who are > 55 years old cluster at the lower end of 
(he observed range seen in younger patients. 10 The differ- 
ence in mean clearance rates for thiothixene between 
younger adults and the elderly is significant: 48.2 L/ 
minute versus 20.0 L/minute. However, the variance for 



Table ft. Variables Thai Influence lliv Pharmacokinetics of 
Antipsychotics ^ 

l-.tdcrly pain-nts demonstrate eic.iici vait.ihMiiy in dme clearance 
I Ik* "mi-h'i -cldcily" (iIiom.- cic.ilci lti.ni KM ycais ol ;i-_v I dciiioiisl i ale 
ilit- tiiiivl consistent n itiK Imit in i !('.n:iri(.t- i.iU's 

( «-ik-Iio 

r..|yni t -)|ihiMii al ( Yl* :iM> and ("VI' 2i'\'l 
Wide intcrpaticiil v:n tahMily ;ii ( 'VI' *A 
I -"Mime dilicreiiccs in metabolism 

SnhsiaiK v altusc lx li:ivnn\ 

( 'igarcllc vmtiki'i s demonstrate nn teased nicl.ilx >1k cipat. il y. 
CYP I A 2 

1'tlianol abusers can demonstrate hk i cased 01 diminished melaliohc 

capacity dependent on (lie cvicni ■>! 'their drinkini: behavior and 

Mieir hepatic and nutritional viattis 
Medical conditions 

Decreased hepatic M<kkJ llow can reduce clearance. 

e.g.. congestive heart failure 
Hepatic disease sucli as cirrhosis and hepatitis can decrease 

clearance 

Enzyme inducers 

Carbamazepinc, phenytoin. eihainhulol. barbiturates 

Clearance inhibitors 

Examples include: .serotonin selective reup(ake inhibitors, tricyclic 
antidepressants, ct met id inc. P- blockers, isoniazid. 
methylphenidate. erythromycin, (riazolobenzodiaze pines, 
chloramphenicol, ciprofloxacin, ketoconazole. and many others 
Changes in binding proteins 

Stress (acute phase reactants increase) such a*s a, acid glycoprotein 
increase 

Hypoalbuminemia can occur with malnutrition or hepatic failure 
Changes in protein binding occur due to hepatic or renal failure 



clearance is increased in the elderly, and some patients still 
require standard doses of neuroleptics lo achieve a thera- 
peutic effect. On the average, however, even in those pa- 
tients without concentration changes due to aging, in- 
creased sensitivity for extrapyramidal reactions, auto- 
nomic side effects, or orthostatic hypotension can necessi- 
tate a 50% or greater reduction in the dose for most elderly 
patients. Although beyond the scope of this article, drug 
therapy can be made more cost-effective if the selection of 
a medication and the optimization of the dosage is based 
on patient -specific variables. 

Many of the newer atypTcal antipsychotics demonstrate 
smaller decreases in drug clearance than traditional neuro- 
leptics when they are used in special populations. This dif- 
ference, when coupled with their reduced propensity lo 
cause extrapyramidal symptoms, should result in safer and 
less complex drug therapy for the elderly and for those pa- 
tients with hepatic dysfunction. Table 6 summarizes dos- 
ing adjustment recommendations suggested for the elderly 
and for those patients with significant renal or hepatic dis- 
ease (Data on file, Abbott Laboratories, 1995; Data on file, 
Zeneca Pharmaceuticals, August 1995 and references 13- 
15, 17, 18. 47). Sertindole and queliapine demonstrate no 
significant differences in their pharmacokinetics when the 
elderly are compared wilh younger adults. Olanzapine 
demonstrates a modest, statistically significant, decrease 
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in clearance rales with age. However, all of these drugs 
should be dosed more cautiously in (he elderly owing lo 
the potential for increased adverse reactions secondary to 
pharmacodynamic changes in neuronal systems and ho 
meostasis.* Note that risperidone and clozapine dosing 
should be considerably more conservative in the elderly, 
in part because of substantial pharmacokinetic changes as- 
sociated with diminished hepatic capacity, but also due to 
the increased rate of orthostatic hypotension and syncope 
observed if standard adult doses are utilized. 

Drug Interactions 

Drug-drug interactions can have a significant effect on 
the pharmacokinetics of antipsychotic agents and upon ap- 
propriate dosage. Reduction of antipsychotic Cp can occur 
through the use of microsomal CYP-inducing anticonvul- 
sant medications (CYP 3A and possibly CYP 2B), particu- 
larly carbamazepine, 48 49 phenobarbital, phenytoin,*- and 
from any other drug or condition that might induce micro- 
somal enzymes, such as moderate routine ethanol con- 
sumption (CYP 2E1 and possibly others) or cigarette 
smoking (CYP 1 A2). Thioxanlhenes, such as thiothixene, 
appear to be extremely sensitive lo changes in metabolic 
clearance secondary to d«jg interactions.' 0 For typical 
neuroleptics, there is usually a greater than twofold in- 
crease in clearance rate if anticonvulsants such as carba- 
mazepine are coadministered. This means that it will re- 
quire twice as much medication to achieve the same Cp 
during the drug interaction than without the coadmin- 
istered medication. In the presence of these medications, 
doses of sertindole (CYP 3A substrate) might need to be 
up lo 50% greater. 14 Similarly clozapine doses might need 
lo be increased, though enzyme-inducing anticonvulsants 
are not recommended for coadministration since hemato- 
logic toxicity might be enhanced.'*- 4151 " Olanzapine and 
risperidone, in contrast, are unlikely to be affected by car- 
bamazepine. Chough monitoring of patients for exacerba- 
tion is prudent. nM 

Alternately, patients receiving SSRIs, ketoconazolc, ci- 
mctidine, tricyclic antidepressants, p-blockers such as 



propranolol, and sonic antibiotics including erythromycin 
and chloramphenicol can cvhihii a clearance rale lor tradi- 
tional neuroleptics that is les^ than one hall of that oh 
served in the uroup not taking drugs that interact with tra- 
ditional neuroleptics."" I" a "worst case scenario*' 
where a patient is switched Imin an eii/yme -inducing to 
an eu/yme- inhibiting medication, a greater than lourlold 
shift in thug metabolism inijjhi occur. Clozapine interac- 
tions appear to occur at hoth the CYP IA2 and CYP 3 A 
systems. ,s Clozapine toxicity has heen reported after the 
coadministration of erythromycin. 1 ' It is important to note 
that drug interactions are bidirectional. Antipsychotics can 
also inhibit the metabolism of coadministered medica- 
tions, e.g.. haloperidol inhibition of tricyclic anlidepres- 
sant metabolism. Recently, a case report suggested that 
nortriptyline Cp was increased secondary to clozapine 
therapy, resulting in an anticholinergic delirium. SJ 

Drug interaction studies are required for the approval 
of new medications. Tables 7. X. and 9 list currently avail- 
able information regarding potential drug interactions for 
clozapine, ,a " 47 - MM sertindole (Data on Tile, Abbott Labo- 
ratories, 1995 and reference 14). and olanzapine,' re- 
spectively. From these data, potential drug-drug interac- 
tions of clinical significance affecting the clearance of the 
j antipsychotic might result at the CYP 2D6 and CYP 3A 
systems for sertindole; at CYP I A2. CYP 3 A, and FMO 
(flavin monooxygenase) systems for clozapine, and at the 
CYP 1A2 and at FM03 systems for olanzapine. Con- 
versely, sertindole appears to inhibit CYP 2D6 (IC SI esti- 
mated to be between 1.25-2 uM) and weakly inhibit the 
CYP 3 A systems (ICy, estimated to be about 200 uM for 
sertindole, 50 pM for dehydrosertindole. and -25 |iM for 
norsertindole). There appears to be only a modest potential 
to cause increased concentrations of coadministered medi- 
cations that are substrates at these systems. It is estimated 
that typical steady-state concentrations of sertindole at 20 
mg/day are 0.16 pM/mL. well under the listed IC W . How- 
ever, metabolite concentrations can be considerably great- 
er than parent drug concentrations and potentially can in- 
crease drug interaction potential. At CYP 2D6. 
dextromethorphan metabolism (probe for system) is mod- 
estly decreased, as evidenced by a shift in the urinary ratio 
of dextromcthorphan/dcxirorphan from 0.006 to 0.015. 
This ratio shift is an order of magnitude less than would 
typically occur with fluoxetine or paroxetine when similar 
dextromethorphan probe methodology is used. 2ll -- w To lur- 
ther illustrate, terfenadinc concentrations demonstrated a 
mean increase of only 28% in patients receiving 20 mg/ 
day of sertindole and a single 120-mg dose of terfenadinc 
(Data on file, Abbott Laboratories. 1995). Clinically sig- 
nificant reactions require changes of 500% to 1000% in 
lerfcnadine Cp. The potential for drug interactions at CYP 
3A are likely lo be modestly increased when drugs that 
significantly inhibit CYP 2D6 are coadministered since 
sertindole concentrations arc approximately threefold in- 
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Tablr 7. Drujl Inlcractinns Affecting Clozapine* 
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Case report ol increased 
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44.6 pM 

Clinical case of seizures with 
reduces hepatic Wood (low increased plasma levels 
Potent at CYP 206 and Clinical cases of moderate change 

CYP 2C. modest in plasma levels and seizures 

effects at CYP 3 A. reported to occur 

weak effect at CYP I A 2 
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Low to moderate: multiple 
systems involved 

Low to moderate: multiple 
systems involved, possibly 
only relevant al higher doses 



•Data from references 18, 35, 47. 51-54. 

*ln vitro data do not support inhibition at CYP 2D6. 
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Effect 


Enzyme Selectivity 


Clinical Data 
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•Data on file. Abbott Laboratories. 1995 and from reference 14. Symbol: ?? = possible effect. 
*Duc to the potential for Q1\ prolongation, quinidine and sertindole should not be coadministered. 
''Likely to be fluoxetine dose dependent. 



creased. Similarly, those patients who are genolypic poor 
metabolizers at CYP 2D6 might also demonstrate an in- 
creased risk for drug interactions. European labeling for 
sertindole suggests that clinically relevant interactions 
could occur in selected subpopulations of patients. 14 



In contrast, olanzapine does not appear to significantly 
inhibit any of the studied CYP isoenzymes. 5 ' " The usu- 
ally achieved concentration of olanzapine at 17.5 mg/day 
is < 0.5 mm. By using the hydroxylalion of midazolam as 
an in vitro probe, the K ; (jiM) at CYP 3A4 for kelo- 
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•Data from references 13. 31, 32. 

•Case of diminished efficacy after phenytoin administration required dose 



ncrease to 25 mg/day of olanzapine (Ercshcfsky L. Unpublished data.) 



conazole was 0.11, for clozapine was 99, and for 
olanzapine was 491. These results suggest that there 
should be less than a 1% inhibition of midazolam metabo- 
lism by either olanzapine or clozapine. At CYP 2D6, when 
l'-hydroxy-bufarol was used, the in vitro K ; (|iM) forqui- 
nidine was 0.03, for clozapine was 19, and for olanzapine 
was 89. In contrast to the potent inhibitory effect of quini- 
dine and the modest effect for clozapine (clozapine con- 
centrations are typically 1-2 pM), olanzapine should not 
significantly interact with CYP 2D6. Similarly, at both 
CYP 2C9 and CYP 2C19, when tolbutamide and S- 
mephenytoin are used as in vitro probes, respectively, 
olanzapine was expected to/esult in less than a 1% inhibi- 
tion of metabolism al these systems. Clozapine similarly 
demonstrated a weak potential to interact at CYP 2C9, in- 
hibiting in vitro metabolism by < 5%. Cautious extrapola- 
tion of in vitro results to patients should be exercised. Me- 
tabolite contributions to CYP inhibition, and the possible 
effects from patients with higher than usual concentrations 
have not been fully evaluated for the newer antipsychot- 
ics. Clinical and in vitro studies evaluating drug interac- 
tions al the FMO system for olanzapine have not been re- 
ported. FMO substrates such as cimetidine (S-oxide for- 
mation) and tamoxifen (N-oxides) might inhibit 
olanzapine metabolism, though the converse is unlikely 
given the high K m of olanzapine for N-oxidalion. 31 " In 
vivo studies with olanzapine demonstrating no significant 
changes in the pharmacokinetics for coadministered medi- 
cations include warfarin, imipramine, carbamazepine, di- 



azepam, ethanol (increased sedative effects noted without 
pharmacokinetic differences), and theophylline. 13 

Drug interactions affecting risperidone pharmacokinet- 
ics have also been evaluated and are considered unlikely 
to be highly clinically significant, due to the 9-OH- 
risperidone's nearly comparable efficacy to the parent 
compound. Nonetheless, paroxetine and fluoxetine will 
convert > 50% of patients to poor meiabolizer status at 
CYP 2D6, W potentially inverting the ratio for 9-OH-ris- 
peridone/risperidone 19 and for dehydrosertindole/sertin- 
dole (Data on file. Abbott Laboratories, 1995). Other 
medications, including low-potency phenothiazines and 
quinidine can also inhibit CYP 2D6 significantly and 
should also shift the metabolic ratio of risperidone (Data 
on file, Janssen Research Foundation, 1993). In poor ver- 
sus extensive metabolizers, identified by phenoiypc 
screening under drug-free conditions, there is a dramatic 
difference in the pharmacokinetic profile of risperidone 
and the 9-OH metabolite (see Table 10). "* w As Figure 7 
demonstrates, in a population of patients in a phase 3 ris- 
peridone efficacy and safely trial, an extremely large range 
for the risperidone/9-OH -risperidone Cp ratio was deter- 
mined. 38 The clinical significance of the pharmacokinetic 
and pharmacodynamic effects of these possible interac- 
tions requires further study since CNS binding properties, 
plasma protein binding, and moderate differences in ad- 
renergic receptor blocking potencies for the two active 
moieties have been documented.' 7 Increased clinical 
monitoring is appropriate when CYP 2D6 inhibitors arc 
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Table 10. Pharmacokinetics of Risperidone hy I )ehrisoquine 
Meliiboli/.er Status 
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I'i^ure 7. Histogram Demonstrating Possible I'oor 
Met.tholi7.ers of Risperidone" 
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added or subtracted from risperidone, especially in the 
elderly and dehiliiated patient. Alternately, no potent inhi- 
bition of risperidone metabolism was observed for com- 
pounds that interact with CYP IAI.CYP IA2.CYP2C9. 
CYP 2CI9. and CYP 3A4 (Ercshcfsky L, Anderson C, 
Clyde C. 1993. Unpublished data). Risperidone docs not 
appear to significantly inhibit any of the CYP systems 
studied in vitro, though a recent report in which a patient 
demonstrated increased clozapine levels subsequent to ris- 
peridone coadministration highlights the need for human 
studies and the cautious extrapolation of in vitro data to 
the clinical environment (Ercshefsky L, Anderson C. 
1993. Unpublished data; Data on file, Janssen Research 
Foundation, 1993 and references 18, 37, 41). Ziprasidone 
drug interaction data are not readily available at this point 
in the drug development process. However, a recent study 
reported no significant change in metabolic clearance for 
ethinyl estradiol and levonorgestrel (combination oral 
contraceptive) during ziprasidone coadministration. A 
slight reduction in T mjll for ethinyl estradiol was noted dur- 
ing ziprasidone therapy, but this is not considered clini- 
cally significant. 1 * 

Although most drug interactions simply require in- 
creased clinical monitoring and dosage adjustment, the 
potential for significant interactions should prompt greater 
vigilance, especially for newly Introduced antipsychotic 
agents. The most well-publicized, potentially life-threat- 
ening interactions are reported to occur at CYP 3A. Sub- 
strates at this system include terfenadine. astemizolc. and 
cisapride, drugs that arc associated with cardiotoxicity and 
life-threatening arrhythmias when they are coadministered 
with potent CYP 3 A inhibitors such as ketoconazole and 
erythromycin. The relative risk of moderately potent in- 
hibitors at CYP 3A is currently of great interest, since 
ketoconazole, erythromycin, nefazodone, and flu vox- 
amine are labeled as conlraindicated with these three CYP 
3A-metabolized drugs. 2 * Vl On the basis of in vitro data for 
scrtindolc at CYP 3A. it is unlikely for a clinically signifi- 
cant interaction to occur with astemizolc. cisapride, and 
terfenadine. Nonetheless, a possible scenario for caution 
in a patient on scrtindolc treatment might be when a pa- 
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ticnl is coadministered CYP 2D6 inhibitors or is a poor 
meiabolizer by genotype (scrtindolc and norsertindole 
concentrations would be elevated), and the patient is also 
on additional medications that each have moderate inhibi- 
tory effects on CYP 3A (e.g., calcium channel blockers, 
tricyclic antidepressants). This extrapolation from existing 
data requires verification. 

Cigarette Smoking 

An important environmental influence on antipsychotic 
drug clearance is cigarette smoking, including passive in- 
halation of smoke. 10 " 56 Depending upon the antipsychotic 
medication, changes in Cp of from 20% to 100% can be 
observed when smoking status changes in a patient. For 
instance, cigarette smokers, on average, have a 25% to 
50% faster metabolic rate for thiothixene than ndnsmok- 
ers, while data for fluphenazine, both as the oral and depot 
formulations, demonstrate nearly a 100% increase in 
clearance rates. 56 Haloperidol clearance is also increased 
by 50% or more. The greatest impact of smoking on 
plasma concentrations of haloperidol occurs within the 
therapeutic range, while at high doses, e.g., > 50 mg/day. 
the effect of smoking on clearance is diminished owing to 
metabolic saturation. Alternately, if a patient ceases smok- 
ing while maintaining a constant dose of antipsychotic 
medication, increased adverse events can occur." 

Olanzapine's metabolism to the N-desmethyl and 7 -OH 
derivatives is principally via CYP I A2. Therefore, it is not 
surprising that cigarette smoking significantly increases 
the clearance rate for olanzapine. Figure 8 depicts half- 
lives for olanzapine at steady slate stratified for both ciga- 
rette smoking and gender. n An approximate 50% decrease 
in the half-life of olanzapine is observed for smoking ver- 
sus nonsmoking patients of the same gender. Correspond- 
ing increases in clearance, principally the result of a faster 
elimination rale, suggest that aryl hydrocarbon exposure 
(from smoke) has induced CYP I A2. Interestingly, sertin- 
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dole clearance rates are increased approximately 14% to 
17% in tobacco smokers compared with nonusers, despite 
the absence of a major metabolic pathway via CYP 1 A2 
(Data on file, Abbott Laboratories, 1995). 

Antipsychotic Plasma Concentration Versus Response 
Relationships 

Haloperidol and fluphenazine have sufficient .data to 
suggest a therapeutic range of plasma concentrations for 
optimal benefit while minimizing adverse effects. The 
therapeutic window for haloperidol has been substantiated 
in several studies, and depending on assay accuracy, is 
considered to range from 3 to 15 ng/mL.'- 5 *"* 3 Fluphena- 
zine appears to have more of a linear relationship of con- 
centration and response, but demonstrates dose-limiting 
adverse effects toward the upper end of the therapeutic 
range (0.3-2.5 ng/mL). ,, -*- , "* ft Logistic regression analysis 
for both a therapeutic effect and for side effects yielded a 
fluphenazine Cp of 0.69 ng/mL for best response without 
disabling side effects. At Cp > 2.7 ng/mL. 90% of patients 
will have "disabling" side effects. Note that at Cp > 0.69 
ng/mL. greater improvement in psychotic symptoms is at- 
tained but at the expense of side effects. Therefore, a ben- 
efit-to-risk assessment must be made as higher doses (lev- 
els) are used. 

Clozapine concentrations appear to be potentially use- 
ful in the treatment of patients with refractory schizophre- 
nia. Parent drug Cp of > 350 ng/mL have been suggested 
lo be indicative of an adequate trial on clozapine and to 
distinguish responders from nonrespondcrs * 7 A confirm- 
ing study suggested a discriminant cutoff was observed at 



375 ng/mL and that cigarciu- smoking necessitated in- 
creased doses of clozapine." ' However, not all studies find 
a correlation of response with concentration.'* It has also 
been suggested that increased concent rat ions of 
desmcthylclo/.apine ini^lit incicasc Hie risk of agranulocy- 
tosis.'" I -'or most of the newer antipsychotics, no obvious 
plasma concentration* versus response relationship 
emerges from phase 2 and phase 3 efficacy trials. I or in- 
stance, risperidone does not demonstrate a statistically sig- 
nificant linear or curvilinear' plasma concentration rela- 
tionship for overall clinical improvement, response to 
negative symptoms, or for exirapyramidal symptom oc- * 
currence. However, these trials were not designed to prop- 
erly assess concentration versus response issues. Interest - 
ingly, prolactin concentrations significantly correlated 
with risperidone + 9-OH-risperidone and with 9-OH-ris- 
pcridone Cp. (Ercshcfsky L. Anderson C, Clyde C. 1993. 
Unpublished data and references 37. 4 I ). Further research 
is needed to convincingly address this clinically important 
issue. 

CONCLUSION 

Clozapine, the archetypal atypical agent, has a complex 
pharmacokinetic profile with extremely large interpaticnt 
variability and many well-documented drug-drug interac- 
tions. This presents special challenges in dose optimiza- 
tion and requires vigilant clinical monitoring for cardio- 
vascular, neurologic, and hematologic adverse effects. 
Olanzapine demonstrates a very low potential for drug- 
drug interactions, requiring extremely high inhibitory con- 
centrations at cytochrome P450 systems, typically 30- 
fotd or greater above the usual concentrations observed at 
steady stale on oral high-dose (17.5 mg/day) therapy. 
Olanzapine's metabolic pathway includes A/-glucuro- 
nidation, reducing its overall sensitivity to drugs that 
might induce or inhibit its own metabolism via CYP. 
Olanzapine concentrations at steady state typically dem- 
onstrate only a fourfold variability among patients at a 
standard dose of medications. Dose reductions in special 
populations arc necessary when two or more factors af- 
fecting dose are present, e.g., 50% dose reduction to 5 nig/ 
day if an elderly nonsmoking woman is started on 
olanzapine. Sertindole and risperidone demonstrate poly- 
morphic metabolism characteristics mirroring the CYP 
2D6 phenotypc. Senindole's inhibitory potentials at CYP 
2D6 and CYP 3A arc modest and not likely lo be of clini- 
cal significance. However, in those patients taking CYP 
2D6 inhibitors, or genolypic poor metabolizcrs, concen- 
trations of sertindole and its metabolites might result in 
moderate inhibition of CYP 3A. 

The application of pharmacokinetic principles can as- 
sist the clinician to improve the monitoring plan for pa- 
tients with schizophrenia. Moreover, patient-specific data 
including gender, cigarette smoking, age, concurrent 
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tlrujis. anil comoihid diseases should mllucncc the starling 
tiose. (lie rale »»l 'close titration, and the anticipated mainte- 
nance dose lor (lie antipsychotic. Although plasma con- 
ccntration versus response relationships are noi estab- 
lished lor inoM ;tnlipsychoties (with (he possible excep- 
tion of 'clozapine. halopcridol. and lluphena/.inc >. optitni 
/alioti ol dosage based on consideration ol pharmacoki- 
nelic factors should improve the outcomes ol therapy lot 
1 he patient with schizophrenia. 

litnyi fUHtU'S' .IstCtllt/ok ( It IMti:ifi:i I I. Citlhama/cpillC ( TcC'Cli >l .111(1 nth 

cr>). chloramphenicol (I'anlolctikul ). cltlorprnma/.itic iThoia/.uie and 
ol Iters 1. nti- 1 id 1 nc ( Tagamet ). ciprofloxacin (C'ipoi I V 1. cisapride 
(Propulsuf). c lo/apt lie (Ctu/aiilJ. diazepam (Valium ami oihcisk erylh 
romycin (Eiyinax atul others), clhaiunulol ( Myamhuiol ), ethinyl csha 
diol (Diogyn li and oiltcis). fluoxetine (Pm/ac). nupheita/.inc (Prolixin 
and others). Iluvoxammc (Luvox), halopcridol (Hald<il and others), inn- 
prainme (Trofranil and others). kctiKuna/.olc (Nizoral). Icvonorgestrel 
(Norplanl), inclhylphcnidatc (Ritalin), midazolam (Versed), nefaxodonc 
(Scrzonc). nortriptyline (Pamclor and others). olanzapine (Zyprcxa). 
paroxetine (Paxil), phenobarhital (Nembutal and others), phenytoin 
(Dilantin and others}, propranolol (Inderal and others), quctiapinc 
(Scroqucl). quinidinc (Duraquin and others), risperidone (Risperdal), 
sen indole (Serlect). sulfaphcna/.olc (Sulfabid). tamoxifen (Nolvadex), 
tcrfenadtne (Scldane). theophylline (Thcocin and others), thioridazine 
(Mellaril and others), thiothixene (Navane). tolbutamide (Orinase). 
warfarin (Coumadin and others). 
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